The timing and distribution of rainfall determine both the length and quality of the growing season, and hence have important implications for agricultural production and food security. Using over 50 years of climatic data for Arusha District in Tanzania, the paper presents an analysis of growing season characteristics and other meteorological variables. Results indicate that the climate of Arusha District and Oljoro in particular is changing. Both the length of the growing season and number of wet days within the season are showing a decreasing trend as rains appear to be starting later than they used to in the past. Other meteorological variables such as temperature, wind speed and reference evapotranspiration are showing an increasing trend. Changes in land use/cover in and around the study area in the 1970s through 1990s due to expansion of agricultural land and population pressure would seem to have fuelled the observed changes in the growing season characteristics. This does not augur well for rain-fed agriculture and thus judicial use of scarce water resources including rainwater harvesting would seem to be a viable option for sustainable agricultural production.
Introduction
Rainfall plays a central role in agricultural production and water supply in much of sub-Saharan Africa. However total dependence on rainfall faces many risks related to climatic variability (O'Brien & Vogel, 2003) . Variability in climate, unwelcome as it may be, is inevitable and part and parcel of evolution (Unganai, 1993) . Reliability of rainfall particularly at critical phases of crop development can explain much of the variation in agricultural potential of tropical regions especially the semi-arid tropics. Over half of Tanzania's land area can be described as semi-arid with limited and erratic rains (Kihupi, Tarimo, & Dihenga, 2007) . Climatic variability on the seasonal-to-interannual time scale affects many facets of human life including food security and livelihoods. The climate of the semi-arid tropics is thus a primary constraint on agricultural development (Kanemasu, Stewart, Van Donk, & Virmani, 1990) .
general the start and end of the rains characterize the growing season. In the tropics though, to define an event to mark the start and end dates is not easy due to the intermittent and patchy nature of tropical rainfall (Stern et al., 1982) . Changes in the length of growing season can result from changes in rainfall patterns due to climate change. There is a growing body of evidence to suggest that the growing season is gradually getting shorter in some tropical semi-arid areas (Kihupi et al., 2007) .
Anthropogenic factors such as extensive land clearance for agriculture, overgrazing and burning of fossil fuels have been linked with climate change (McCarthy, Canziani, Leary, Dokken, & White, 2001 ). For thousands of years, human activities have transformed the earth's surface by converting natural forests, savannas and steppes into agricultural lands and substantially modifying others with significant consequences for land cover, biodiversity, soil condition and water and sediment flows (Lambin, Geist, & Lepers, 2003) . For instance, it has been reported that over the past four decades there has been a notable change in land uses in the Maasai Steppe of northern Tanzania, especially from small-scale subsistence cultivation to extensive large-scale farming (Mwalyosi, 1992) with agriculture as a whole registering a fivefold increase between 1984 and 2000 (Msoffe et al., 2011) . Similar trends have been reported elsewhere. On the slopes of Mount Kilimanjaro for example the area under cultivation increased from 54% in 1973 to 62 and 63% in 1984 and 2000, respectively (Misana, Sokoni, & Mbonile, 2012) . Globally, it has been shown that climate change will expand suitable cropland particularly in the northern high latitudes while the converse is true for most sensitive regions in the tropics where also the suitability for multiple cropping is projected to decrease (Zabel, Putzenlechner, & Mauser, 2014) .
Understanding the nature and extent of changes of growing season characteristics as well as assessing the driving forces behind such changes is essential for policy and other strategies aimed at improving small-scale agricultural production. This paper presents the findings of a study that was undertaken to analyze the trend of growing season characteristics in the semi-arid part of Arusha District which forms part of the Maasai Steppe in northern Tanzania and their implications for sustainable agricultural development specifically for small-scale farmers.
Materials and Methods

The Study Area
Oljoro Ward, the study area is within Arusha District and located about 15 kilometres south west of Arusha city at an altitude ranging from 1,375-1,400 m amsl (Figure 1) . It lies at the foot of Mount Meru which is an extinct volcano and hence the geology of the area is related to volcanic rocks and ashes. The climate of the area can be described as semi-arid with a mean annual rainfall of 818 mm. Arusha District has a bimodal rainfall pattern with the short rains (vuli) starting early November and ending early January. The long rains (masika) start around mid March and end late May (Kihupi et al., 2007) . Figure 2 depicts the two peaks in terms of the probability of having a given amount of rainfall in particular the 20, 50 and 80 percent probabilities of exceedance representing the wet, normal and dry year respectively which is important for planning purposes. Long rains are more reliable and main food crops including maize and beans are grown during this season which lasts on average 100 days (Kihupi et al., 2007) . The mean temperature of the area is 20 C with lowest temperature (17 C) occurring in July and highest temperature (22 C) occurring in March. Winds are moderate not exceeding 4 m/s on average throughout the year except in October when they exceed 5 m/s and thus slightly strong. Mean annual relative humidity is moderately high (> 60%) especially so during the short and long rainy seasons. The area is drained by a seasonal stream Engare Olmotoni which carries plenty of water that causes flooding to the lowlands during the rainy season. 
Assessment of Growing Season Characteristics
Fifty two years of climatic data for Arusha airport in Arusha District were used to characterize the growing season of the study area. The definition of start and end of growing season given by Stern et al. (1982) and adapted by Kingamkono, Kihupi, and Dihenga (1994) was adopted in this study. The length of the growing season was taken as the duration between the onset and cessation dates of the growing season. Seasonal rainfall was computed from the daily records between the start and end dates of the season for each year. The numbers of wet days as well as extreme events within the growing season were determined for each year of record. This was done for each of the two seasons, vuli and masika. INSTAT plus (v3.6) software (Stern, Rijks, Dale, & Knock, 2006) was used for the climatic data analysis and manipulation while Microsoft Excel spreadsheet was used for www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 9; other statistical computations and graphics. Results of computations specifically for the onset and cessation dates were crosschecked physically by viewing the raw data using the "Display daily data" command in INSTAT and adjustments made where necessary.
Trend Analysis of Growing Season Characteristics and other Meteorological Variables
Linear trend lines were fitted to the data for onset date, cessation date, and seasonal rainfall total as well as total annual rainfall, number of rainy (wet) days within the growing season and length of the growing season. Long dry spells within the growing season were also analyzed for various temporal periods to see if there was any trend. Other meteorological variables such as temperature (maximum and minimum) as well as wind, humidity and reference evapotranspiration (ET o ) were also analyzed for trend.
The Mann-Kendall test was used to test for significance of trends of growing season characteristics including trends of other meteorological variables. It is a widely used statistical test for the analysis of trend in climatologic and hydrologic time series (Onoz & Bayazit, 2012) . The Man-Kendall test is less sensitive to outliers and has the capability to detect both linear and non-linear trends (P. Legendre & L. F. Legendre, 2012) . It has been used in related studies in sub-Saharan Africa (Mazvimavi, 2010; Hadgu, Tesfaye, Mamo, & Kassa, 2013) .
Results and Discussion
Rainfall Regime
Cumulative mean daily rainfall was computed from the 52-year record and plotted against day number ( Figure 3 ). Apart from depicting the type of rainfall regime, the plot is useful in deriving the earliest possible start and end dates which are inputs in the INSTAT programme for the determination of rainfall onset and cessation dates. The figure clearly shows that Arusha District has a bimodal rainfall regime although the end of the short rains is not as sharply defined, at times merging with the start of the long rains. Table 1 shows the Mann-Kendall trend test statistics for the various growing season characteristics and other meteorological variables. Except for the relative humidity and reference evapotraspiration, the significance of the results is similar to the one obtained by simple regression analysis using the correlation coefficient, r (Clarke, 1976) . The correlation coefficient was negative and significant at the 5% level for relative humidity whereas that for the reference evapotranspiration was positive and significant at the 0.1% level. So in this case there is not much difference between the two statistical tests of significance implying that the data were to a large extent independent and normally distributed. Note. * statistically significant at 0.05 probability level; ** statistically significant at 0.01 probability level; *** statistically significant at 0.001 probability level; ns non significant.
Mann-Kendall Trend Test Statistics
Growing Season Characteristics
Long Rains
Figures 4 (a) and (b) show the trend of rainfall onset and cessation dates respectively for Arusha District during the long rainy season. The trend of rainfall onset is significant at the 1% level but that of the rainfall cessation is not implying that there is much less variation in the cessation date compared to the onset date. These findings are consistent with those of other researchers (Alusa & Mushi, 1974; Kihupi et al., 2007) . The trend of growing season length (Figure 5a ) is negative and significant at the 0.1% level. It appears that long rains in Arusha District are progressively starting later and ending earlier than before, resulting in a shorter growing season. This trend has also been shown for some areas in Arusha Region specifically Arumeru District (Kihupi et al., 2007) . The trend of number of wet days within the growing season (long rains) in Arusha District is negative and significant at the 1% level (Figure 5b ). In other words the severity of dry spells in the area is getting more intense. This situation has implications for the way farmers make decisions in the choice of crops and crop varieties to grow. A compromise would seem to be a choice between more drought resistant crop varieties and supplementary irrigation. Considerable work has been done on drought tolerance improvement in crop plants as reviewed by Cattivelli et al. (2008) . Although plant breeders have made ample progress through conventional breeding in developing drought tolerant lines/cultivars of some selected crops, the approach is, in fact, highly time-consuming and labour-and cost-intensive (Ashraf, 2010) . Hu and Xiong (2014) provide a brief review on the progress in genetic, genomic, and molecular studies of drought resistance in major crops.
Seasonal rainfall as well as total annual rainfall in Arusha District appear to be decreasing with time ( Figures 6a,  and 6b ) although the trend is not significant. A similar trend has been noted elsewhere specifically in the Usangu Plains in Tanzania (Kihupi et al., 2007) where even the quality of the growing season appears to be getting poorer. This lends credence to widely held views that the gap between available water supply and water demand is increasing in many parts of the world and has serious implications for the options open to the people in the area to adapt. Under such circumstances, the main coping strategy would appear to be irrigation. However sources of fresh water for such an undertaking are limited and would require making irrigation more effective and promoting technologies that enable farmers to get more crops per drop, i.e. improving water productivity (Postel, Polak, Gonzales, & Keller, 2001 ). Other options aimed at improving the soil moisture regimes are pertinent to issues of water productivity. These include in-situ rainwater harvesting (Hatibu & Mahoo, 1999; Vohland & Barry, 2009 ) and agricultural polymers (Jhurry, 1997) . Water absorbing polymers or hydrogels have been tried with varying success, albeit on small scale agriculture. For instance the work of Al-Harbi et al. (1994) on the effect of a gel-forming conditioner on the growth pf tomato seedlings in a greenhouse showed significant improvement in plant growth which was attributed to increased water availability. In a laboratory study to investigate the effect of a gel-forming soil conditioner on hydraulic properties of a sandy soil, it was revealed that the addition of the soil conditioner improved the soil's hydraulic properties (Al-Darby, 1996) . However the water storage properties of these soil conditioners are significantly affected by the nature and concentrations of dissolved salts in irrigation waters (Johnson, 1984) . There is also a discernible increase in the occurrence of long dry spells with time during the growing season ( Figure 7 ). The probability of having dry spells of 7 days or more during the growing season was much less in previous years than it is presently. However there is no evidence to suggest that extreme climatic events in the area are on the increase. This further emphasizes the need for proper choice of crops or crop varieties that can withstand drought or the judicial use of water for irrigation to mitigate the effects of such spells. Figure 7 . Trend of probability of a 7-day dry spell within a 30-day period following the date indicated on the horizontal axis for Arusha District for the respective temporal periods
Short Rains
Similar trends exist for the short rains in Arusha District albeit not as pronounced. Nonetheless short rains are unreliable and non existent in some years. In recent years (since 1995) short rains have completely failed in five seasons compared to previous years where only one failure was recorded. So the indication is that apart from being unreliable in terms of the characteristics presented above, short rains are getting even "shorter" as time progresses. This has far-reaching implications for water resources in the area and elsewhere as observable evidence shows that fresh water is a dwindling resource. Hydrological studies in Tanzania have shown a decreasing trend in the dry season flows of some of the perennial rivers such as those in the Rufiji basin (Tarimo et al., 2002) .
Other Meteorological Variables
Although winds in Arusha District appear to be moderate (2-5 m/s), there has been a significant (p < 0.01) increase in surface wind speeds over time (Figure 8a ). This could be attributed to anthropogenic factors such as deforestation and unsustainable agricultural practices in the area. It is also interesting to note the nature of the trend as it appears to be nonlinear. Prior to early 1990s the trend was downward but there was an abrupt change thereafter. A plausible explanation could be that around that time there was a significant change in land cover as a result of changes in land use in the area. This is supported by findings of other researchers in and around the www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 9; study area such as Mwalyosi (1992) and Msoffe et al. (2011) who reported extensive expansion of agricultural land in the Maasai Steppe and on the slopes of Mount Kilimanjaro (Misana et al., 2012) at the expense of the natural vegetation around that time. This is also reflected in the computations of the reference evapotranspiration for the area (Figure 10a ) for which the aerodynamic term in the Penman-Monteith equation which was used for the calculation of ET o as recommended by FAO (Allen, Pereira, Raes & Smith, 1998) appears to have a much higher contribution than the radiation term especially so during the last two decades. Population pressure could be another driving force as reported by Msoffe et al. (2011) . On the other hand, the trend of mean annual relative humidity is negative but not significant (Figure 8b ). This is a reflection of the rainfall pattern as previously illustrated. The trend of the mean annual temperature for Arusha District is positive and significant at the 0.1% level ( Figure  9 ). This is consistent with many studies on global warming (Intergovernmental Panel on Climate Change [IPCC], 2007) . In the case of Arusha District, the mean minimum temperature appears to increase at a higher rate than the mean maximum temperature. This has serious implications for agricultural crops which may currently be near their limit of heat tolerance. Coupled with decreasing water availability due to changes in rainfall patterns, global warming will further enhance crop water requirements in the area due to increased atmospheric evaporative demands (Figure 10a ). The atmospheric evaporative demand represented by the reference evapotranspiration is showing a rising trend (Figure 10a ) which is significant at the 5% level. The humid period (when precipitation is above ET o ) in Arusha District is very short (Figure 10b ) and only spans two months (March and April). This implies that full crop water requirements during the main growing season (long rains) are not met for most of the crops. Supplementary irrigation during this period is required to ensure full production as exact timing of the start of the season may be tricky. Outside the main growing season, no rainfed agricultural production is viable.
Conclusion
The climate of Arusha District and Oljoro in particular is changing. Changes in land use/cover in and around the study area in the 1970s through 1990s due to expansion of agricultural land and population pressure would seem to have fuelled the observed changes in the growing season characteristics. This does not augur well for rainfed agriculture and thus judicial use of scarce water resources including rainwater harvesting would seem to be a viable option for sustainable agricultural production. 
